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the base was merely the bottom of a relatively narrow canyon. A drainage ditch was cut in the rock foundation at the maximum cross-section and was carried upstream to approximately the center line of the dam, at which point similar longitudinal drains were installed for practically the entire length of the dam. Fig. 20 shows a section of the Tabeaud Dam indicating the position of the drains, together with a typical cross-section of the drain.
The protection of the drain by a filter should be particularly noted. The large stones in the bottom of the drain were placed so as to give a definite continuous opening along the bottom of the rock trench. The drain was then surrounded with 18 in. of crushed stone 3 in. down to 1 in., over which was placed fine gravel. Above this gravel the trench was refilled with gravelly clay.
The Tytam Bay Dam, Hong Kong,13 built in 1907, included a rock-fill drain which extended upstream to the center of the dam, where there was a concrete core wall. At Wissota Dam, Wisconsin,14 built in 1916, 6-in. terra cotta pipe and a layer of loose rock and gravel surrounded by sand were utilized in the downstream portion to promote drainage and to lower the seepage line. (See Fig. 19a.)
In 1902 Frederic P. Sterns remarked, "Few engineers who deal with filtration would wish to say that they could not design the downstream portion of such r, dam in a way to permit the water filtering through the dam to come to the surface without carrying earth with it." "5
Bassell (1907)16 stated that thorough drainage of the base of a dam is a matter of vital necessity.
Many other earth dams constructed before 1920 had extensive upstream and downstream fills of gravel and/or rock for the purpose of improving both drainage and stability. The Ashokan Dikes of the New York Board of Water Supply (Fig. 32) was, it will be noted, provided with such fills of loose rock on both faces.
For a dam such as that indicated in Fig. 5, relatively impervious and homogeneous, it is evident that the seepage line would intersect the downstream face well above the toe as in Fig. 6 unless some method of drainage is adopted. In Fig. 5, drainage is accomplished and the seepage line lowered to a point well within the downstream face by the filter layer at the base of the dam.
In some dams drainage is no problem at all because the material hi the downstream portion is so pervious that drainage conditions are already excellent. Thus a design like that shown in Fig. 3 with its pervious shells, under the given conditions, provides ample drainage. Even here some attention must be given to the protection of the rock-fill toe. If the rock, say from spalls to several cubic feet in size, were merely dumped at the toe on the consolidated clay of the foundation and not protected at all, in tune it would become impregnated with
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